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Reasons for Decline and Threatsto Survival: Threatsto the survival of the southern sea atter
include reduced population size, increased tanker traffic, oil Fills, drowningin commercial
fishing nets, municipal pollution, and increased harassment caused by increased use of near-shore
areas. Some evidence suggests that the decline in population growth rate is due to infecti ous
disease.

Elevated levels of heavy metals, chlorinated hydrocarbons, PCB’s, and petroleum hydrocarbons
were found i n sea ottersin the past. Chemical contamination may a so reduce suitabl e foragi ng
areas (USDI-FWS 1981).

Elevated levels of mercury are known to occur in Elkhorn S ough, atributary to Monterey Bay.
Elkhorn Slough is impacted by upstream discharges of mercury. Livers collected from sea otters
found dead at this location had a maximum mercury concentration of (60mg/kg) (Mark
Stephenson pers comm 1998). Wren, 1986 suggesed normal mercury concentrationsin river
otter livers were 4 mg/kg (pom). O'Conner and Nielsen (1981) found tha length of exposure was
a better predictor o tisaue resdue level than dose in otters but higher doses produced an earlier
onet of clinical signs. Acute mercury poisoning in mammalsisprimarily manifeded in Centrd
Nervous Sygem damege, nory and motor deficits and behavioral impairment. Animals
initial ly become anorexi c and lethargic. A dose of 0.09 mg/kg body weight (2 ppm in diet) for
181 days wasenough to produce anarexia and ataxia in two of three otters(L utra candersis.
Asociated liver resdueswere 32.6 mg/kg (O'Conner and Nielsen 1981). Muscle ataxia, motor
control deficits, and visual impai rment develop astoxicity progresses with convulsions precedi ng
death. River otters fed 8 ppmdied withina meantime of 54 days. Asxciated liver

concentrati ons were 32.3 mg/kg (ppm) (OConner and Niel sen 1981). Smaller carnivores are
more sensitive to methylmercury toxicity thanlarger eciesas reflected in shorter times of onset
of toxic signsand time to death.

DIRECT AND INDIRECT EFFECTS OF THE PROPOSED ACTION

For the purposes of this opini on the Services have conducted their effects analysis based on the
potertial for the numeric criteriatoresut in effectsto the aquatic ecos/stemand the geciesthat
are dependent on its function for their survival and recovery. While 126 pri ority pollutants are
addressed wi thin the CTR, the Servi ces have focused upon the numeric criteriafor sd enium,
mercury, pentachlorophend, cadmium and formua based criteria for metalson a dissdved basis
as the most problematicfor listed goeciesand critical habitat. The Services have prepared this
analysis of criteria for priority pollutants based on: (1) the adequacy of the proposed aquatic life
criterig including the necessity of wildlife criteria where aquatic life criteria are not sufficiently
protective of wildlife; (2) the toxic effectsto listed eciesor surrogateswhich may occur at
proposed criteria concentrations; (3) the bicaccumulative nature of the priority pollutants at issue;
and (4) the potential for interacti ve effects of poll utants at the proposed criteria concentrations. In
some cases, such as mercury, if the aquatic life criteriawere na pratective and the human health
criteriawere lower, the adequacy o the human health numeric criteria to protect aguatic life was
also considered.
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Our analyss of criteria assessed whether there was the potertial for toxicity that would affect
listed speci es to occur at concentrations at or below the proposed criteria concentrations in water.
EPA has stipulated that the promulgation of the CTR is solely for the purpose of providi ng the
State of Californiawith criteria. Although the Servi ces recognize that criteria are someti mes not
met within some Californi awat erbodi es and that impl ementati on and enforcement i ssues also
determine the degree of protection, the ana ysis within this opinion assesses the degree of
pratectionlikely to be afforded tolisted eciesby the CTR if concentrations of toxic pollutants
alowable by the proposed CTR are achi eved. Whil e EPA has not speci fically proposed any
wildlife criteriaas part of the CTR, the Services are required to evaluate the degree of protecti on
afforded to listed wildlife species by the proposed criteria for all Californi awaterbodies.

The Services have evaluated the effeds of the proposed action based on the assumptions that: (1)
the proposed numeric criteria will goply throughout the geographic di stri buti on of the species,
and (2) the ambient concentrations o constituents coud rise to the concentrations allowed by the
numeric criteria proposed by EPA. Included in these findings are the Servi ces analysis of the
demondrated potential for adverse effeds to occur to eciesat or below the proposed criteria
concentrati ons, the | ikelihood of these probl emati ¢ concentrations being achieved within the
range of the species, and the degree to which these adverse eff ect swill impact the species
environmental baseline.

The Services in the devel opment of thisfinal bi ologica opinion have used the samerati onale for
eval uating effect thresholdsof criteria asprevioudy presented in our April 10, 1998, and Apxil 9,
1999, draft biologica opinions. That rationale is presented i n the “ Consultation Hi story” section
of this document. The Services based the following effects sctionon EPA’ s August 5, 1997,
proposed CTR. Snce that time EPA has modified the proposed action aspresented in EPA’s
December 16, 1999, letter tothe Services, and memorialized in the “ Description of the Proposed
Action” secti on of this document. The subsequent conclusions contained in this document are
contingent on EPA’simplementation of these modifications.

Sd enium

Assessment of Adequacy of Proposed Selenium Criteriato protect listed spedes

Chronic Aquatic Life Criterion for Selenium

The Servicesfind that the chronic aguatic life criterion for selenium propased in the CTR does
not protect listed fish and wildlife dependent on the aguatic ecosystem for development and/or
foraging The Federal Reg ster notice for the proposed rule (EPA 1997c¢) dates that the chronic
criterion of 5 pg/L for s enium (derived in 1987) continues to be scientifically valid and
pratective of aquatic life. However, nearly every mgjor review of experimental and field data
conducted over the pag decade hasconduded that a chronic criterion of 5 pg/L isnot fuly
protective of fishand wildlife resources. Thelist of sciertific reviews knownto the Service that
contradict the 5 pg/L chronic criterionincludes. Lemly and Smith (1987), Daviset al. 1988,
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Lill ebo et al. (1988), UC Committee (1988), DuBowy (1989), Johns 1989, Lemly 1989, U.S.
Dept. of Interior and Cdlifornia Resources Agency (1990), Sorensen (1991), Environment
Canada (1991), Peaz et al. (1992), Peterson and Nebeker (1992), CH2M HILL et al. (1993),
Emanset al. 1993, Lemly (19934), Lemly (1993b), CAST (1994), Gober (1994), Mai er and
Knight (1994), New Mexico (1994), California Regional Water Board (1995), Lemly (1995),
Seiler and Skorupa (1995), Cdifomia Regonal Water Baard (1996), Lemly (1996a), Lemly
(1996b), Ohlendorf (1996), Raux et al. (1996), Skorupaet al. (1996), Van Derveer and Canton
(1997), Engberg et al. (1998), Skorupa (1998), Naftz and Jarman (1998), Sephensand Waddd|
(1998), Adamseet al. (1 1998), Seiler and Skorupa (In Presg, and Hamilton and Lemly, 1999.
Each of thesereviews, incorparates the findings from numerousindividual gudies, for example
Skorupa et al. (1996) cite results from about 200 individual studies. In aggregate, the weight of
scientific evidence supporting a chronic criterion for selenium of <2 pg/L isnow overwhelming

Asearly as 1991, the evidence available inthe scientific literature was sufficient for Canada to
issue a national water quality guideline stipulating that the concentration of tatal selenium should
not exceed 1 pug/L (Environment Canada 1991). Based on data col lected by the U.S. Department
of Interiar’s National lrigation Water Quality Program (NIWQP) from 26 study areasin 14
wedern dates (including 5 Cdifomia gudy areas), a5 pg/L chronic ariterion for sdenium isonly
50-70 percent protective (Adamset al. 1998; Seiler and Skarupa, InPresy, asopposed to the 95
percent level of protection that EPA’s nati onal water qual ity criteria are intended to achieve
(Stephan et al. 1984). The Service beli evesthe NIWQP data suggest that on a dissolved bassa
criterion of 1 pug/L wauld be required to achieve 95 percent pratection, which isapproximetely
equivalent to a2 pg/L criterion on atotal recoverable basis (Peterson and Nebeker 1992).

Acute Aquatic Life Criterion for Selenium

The Services find that the speciation-weighted acute criterion for selenium proposed in the CTR
does not protect listed fish and wildl ife dependent on the aquatic ecosystem for development
and/or foraging. The EPA proposed changi ng the acute criterion for seleni um from 20 pg/L

(total recoverabl €) to a speciation-wei ghted criterion based on the relative concentrati ons of
selenite, selenate, and a | other forms of selenium found in a particular water body. Depending
on the specific water body in questi on, thi s proposed acut e cri teri on for seleni um could range
from 12.8 pug/L (if 100 percent selenate were present) to 185.9 pg/L (if 100 percent selenite were
present). A 20 pg/L (total recoverable) acute ste-specific criterion waspromulgated in the NTR
(and would nat be changed by the CTR) and appliesto the fdlowing water badies in California
San Francisco Bay upstream to and i ncluding Suisun Bay, Sacramento-San Joaqui n Delta, Mud
Slough, Salt Sl ough, San Joaquin River, and Sack Dam to the mouth of the Merced River. The
Services bdlieve that the promulgation of the proposed speci ati on weighted acute criterion for
selenium in the CTR would not afford adequate protection to listed speci es because: (1) selenium
bicaccumulates rapi dly in aquatic organisms and a singl e pul se of selenium (>10 pg/L) into
aguatic ecosystems could have | asting ramifications, i ncluding €l evated sel enium concentrations
in aquatic food webs (Maier et al. (in presy; Hanen's Bidogical Consuting et al. 19974,
1997b, 1998; Hanson et al. 1996; Tulare Lake Drai nage District 1996); (2) EPA’ s speciation-
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weighted criterion assumesthat selenate is more toxic than selenite, which is the reverse of wheat
hasbeen found in mog acute selenium toxicity studies; (3) and the site-specific criterionof 20
Mo/l promulgated in the NTR may fail to adequately protect aquatic-dependent fish and wildlife
(Lemly 1997; Maier et al. 1998; Hansen' s Bid ogical Consuting & al. 1997a, 1997b, 1998;
Hanson et al. 1996; Tulare Lake Drai nage Digtrict 1996). For example, in February 1995, the
Tulare Lake Drainage Didrict estaldished a flow-thru compensation wetland. Although the water
supplied to thewetland was generdly managed to keepits selenium content at or bel ow about 2-
3 ug/L, apulse of 23 pgll wasdocumented onMarch 29, 1995 (Tuare Lake Drainage District
1996; Hanson et al. 1996). Three months later (June 20, 1995), and without any additional
seleni um pulses, avian eggs sampled at the Site contained up to 6.2 pg/g Se which exceeds the
embryotoxic risk threshold reported in Skorupa (1998). In June 1995, 12% of sampled eggs
exceeded 6 pg/g Se which very pausbly may have been linked to the late March puls of 23
ug/L Se that passed through the system  Additional support for a“ pulse-effect” hypothesis is
provided by monitoring datafor 1996-1998. In each of those three years, water supplied to the
wetland was never documented to exceed 2.8 to 4.2 ug/L Se, and in dl three years, in the
absence of a> 10 pg/L Se pulse, none of the avian eggs col lected at the site exceeded the
embryotoxicity threshold of 6 ug/g Se (Hansen'sBiologica Consulting et al. 1997, 1997b,
1998).

The Services beli eve the acute toxicity data that were reviewed and compiled in M aier et al.
(1987), Lillebo et al. (1988), Moare et al. (1990), and Skorupa et al. (1996) should be
incorporated by EPA intothe database that is enployed for deriving a gpeci ation-weighted acute
criterion These sources, and field gudies (cf. Skorupa 1998), unanimoudy indicate that a lower
criterion i swarranted for seleni te-dominated waters than for sel enate-dominated waters (the
reverse of the curently proposed weightingformula). Canton (1996) suggested that EPA’ s
erroneous acute toxicity weighting of selenate versus seleniteisthe result of the influence of
unugual outlier data for one taxon, Gammarus, and the small data base for acute toxicity testing
of wlenate. Thisuggeststhat only strictly matched comperative data shoud be used to derive a
Speciati on-wel ghted acute criteri on for sd enium.

Hazards of Sdenium

Selenium Sources

Selenium, a sem-metallic trace element with biocchemical properties very smilarto sulfur, is
widely digributed inthe earth's crust, usually at trace concertrations(<1 pg/g, ppm; e.g., Wilber
1980; Eisler 1985). Some geologic farmations, however, are particularly seleniferous(e.g.,
Presser and OHendorf 1987; Presser 1994; Preser et a. 1994; Piper and Medrano 1994; Seiler
1997; Presser and Piper 1998) and when disturbed by anthropogeni ¢ activity provide pathways
for accelerated mobili zation of selenium into aquati ¢ ecosystems. Abnormally hi gh mass-loadi ng
of s enium into aguatic environmentsis most typica ly associ ated with the use of foss| fud's,
with intensive i rrigation and over-grazing of arid lands, and with mining of sulfide ores (Skorupa
1998). Intensive confined livestock production facilities and municipa wastewater treatment
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plants may also contribute to accel erated mass|oading of selenium into surface water bodies

The use of fossl fuelscan resut in accel erated mass|oading of selenuminto aquatic

envi ronments viathe l eaching of cod -mini ng spoi Is and/or overburden, via disposa of process
wadewater fromoil refireries, viadownwind drift and depostion from industrial-scale coal
combustion, and via aguatic digosal and/or leaching of fly ashfrom coal-fired electric power
plants (Lemly 1985; Skorupa 1998). Agriculturd irrigation over large areas of the western
United States causes accelerated leaching of sel enium from soilsinto groundwater. Natural and
anthropogenic discharge of subsurface agricultural drai nage water to surface watersis amagor
pathway for the mass|oading of seleniuminto aguatic ecosystens (Presser et al. 1994; Presser
1994; Seiler 1997; Presser and Piper 1998; Skorupa 1998). Overgrazing of high-gradi ent
watershedscan cause accelerated erasion of sleniferoussoilsand detrital litter into suface
waters, but no case studies of thi s pathway have been systematically documented. Mining of
aulfide ores (other than coal) such as uranium, copper, bentonite, and phosphoriaisalso a
common source of artificidly mobilized selenium  Selenium concentraionsas high as4,500
Hg/g (ppm) have been reported i n the overburden from urani um mining (USDI-
BOR/PWS/GS/BIA 1998). Leachates from phogphoria overburden drains have been documented
to cortain > 2,000 pug/L (ppb) selenum and to have caused selenium taxicodgs among livestock
in downgream pasureswhere creeks contained 300 pg/L waterborne selenium (Tal cott and
Moller 1997).

The recert rapid expansion of high-density confined livestock production fecilities pose yet
another potential pathway for accelerated mabilization of selenium into aquatic ecosysterms.
Most commercia livestock feeding operations (and dairi es) add supplemental selenium to the
feedsand Oldfield (1994) reported that liquid manure pitsbeneath feed barns contained 50-150
Mg/l of selenium. Unlike human wastes animal wades are dften discharged to surface water
bodies without any pri or waste treatment. The biochemistry of sal enium in liquid manure might
be unique compared to other artificial mobilization pathways (CAST 1994), but this has na been
confirmed. The environmental fate of “feed bam” selenium has not been sysematically
reseached todate. Solid manure is a0 a commoningredient in commercial fertilizers and can
reach surface waters viadrift during fertili zer applicati on , equipment cl eansing, and downdope
drainage of leachates. Although most municipa wastewater treat ment systems process

nonsd eni ferous wastewater (Westcot and Gonza ez 1988), onaregiond and locd bas s mass-
loading of selenium to surface water s from public wastewater treat ment facilities can be
ecologcally significant (Peaseet al. 1992; CRWQCB 1995). Thismay be of particular concern
where constructed wetlands, that attract use by wildlife, are acomponent of the water treatment
process.

Toxicity
For vertebrates, selenium is an essentia nutrient (Wilber 1980). Inadequate di etary uptak e (food

and water) of sel enium resultsin sal enium defici ency syndromes such as reproductive
impairment, poar body condition, and immune sygem dysunction (Oldfield 1990; CAST 1994).
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However, excessive dietary uptake of selenium results intoxidty syndromes that are smilar to
the deficiency syndromes (Kdler and Exon 1986). Thus, slenium isa“hormetic” chemical, i.e,,
achemical for which levelsof safe dietary uptake are bounded on both sdes by adverse effects
threholds Most esential nutrientsare harmetic; what distingui shes slenium from other
nutrientsis the very narrow range between the deficiency threshold and the toxicity threshold
(Wilber 1980; Sarensen 1991). Nutritionally adequate dietary uptake (from feed) isgenerally
reported as 0.1 to 0.3 ug/g (ppm) on adry feed bas's, wheress, the toxi city threshold for sensitive
vertebrate animals isgenerally reported as 2 pg/g (ppm). That dietary toxicity threshold isonly
one arder-of -magnitude above nutritionally adequate expodure levels (e review in Skorupaet
al. 1996; USDI-BOR/FWS/GS/BIA 1998).

Hormetic margin-of-safety data suggest that environmental regul atory standards for selenium
should generally be placed no higher than one order of magnitude above normal background
levels (unless there are species-specific and site-specific datato justify a vari ance from the
general rule). For freshwater ecosystems that are negligibly influenced by agricultural or
indudrial mabilization of selenium, normal background concentrations of selenium have been
estimated as 0.25 pg/L (ppb; Wilber 1980), 0.1-0.3 pg/L (ppb; Lemly 1985), 0.2 pug/L (ppb;
Lillebo et al. 1988), and 0.1-0.4 pg/L (ppb; average <0.2, Maier and Knight 1994). These
estimates uggest, based on a margin-of-safety line of reasoning, that the aquatic life chronic
criterionfor «lenium shauld be no higher than 4 pg/L (= 10-times the upper boundary for
normal background), and that a criterionof 2 pg/L would be mog congstent with the certral
tendency val ue (0.2 pg/L) for normal background | evels of waterborne selenium and a one order-
of-magnitude margi n of safety.

Direct Waterborne Contact Toxicity

Selenium occurs in natural waters primarily intwo oxidation gates, selenate (+6) and slenite
(+4). Waters associated with various fossil-fuel extraction, refini ng, and waste di sposal pathways
contan slenium predomnantly in the selenite (+4) oxidation state. Watersasociated with
irrigated agriculture in the wedern United States contain selenium predominantly in the sel enate
(+6) oxidation date. Based on traditional bioassay measures of toxicity (24- to 96-hour contact
exposure to contaminated water without concomitant dietary exposure), selenite ismore toxic
than slenate to most aguatic taxa (e.g., see reviewin Moare et al. 1990).

Mog aqudic organiams however, are relatively insengtive to waterbome contact exposure to
either di ssolved sdl enate or di ssolved sdl enite, with adverse-effects concentrations generaly above
1,000 pg/L (ppb). By contrad, waterborne contact taxicity far selenum inthe form o dissolved
seleno-amino-acids (uch asselenomethionine and sd enocysteine) has been reported at
concentrationsaslow as 3-4 pug/L for Sriped bass (Morone saxitilis) (ppb; Mooreet al. 1990). It
would be expected, however, that at a chronic standard of 5 pg/L (ppb) total seleniumthe
concentrati on of dissolved seleno-amino-acids would be substanti vely below 3-4 pg/L (ppb)
because seleno-amino-acids usually make up much less than 60-80 percent of total dissolved
sdlenium in natural waters. Far example, it wasestimated that organosel enium made up only 4.5
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percent of the tatal disolved sleniumin highly contaminated drainage water fromthe San
Joaquin Valley (Besser et al. 1989). Under mog circumdances a5 pg/L chronic aiterion shoud
be protective of aquatic life with regard to direct contact toxicity. Selenium, however, is
bioaccumulative and therefore direct contact exposure isonly aminor exposure pathway for
aguatic organisms (e.g., seereview by Lemly 1996a).

Bioaccumulative Dietary Toxicity

Althoughtypical concentrations of different chemical formsof slenium would be unlikely to
cause direct contact toxicity at an aguatic life chronic gandard of 5 pug/L (ppb), aslittleas 0.1
Mg/l o disolved selenomethionine hasbeen found sufficient, via bioaccumulation, to cause an
average concentration of 14.9 ug/g (ppm, dry weight) selenium in zooplankton (Besser et al.
1993), a concentration that would cause dietary toxicity to most gpecies of fish (Lemly 1996a).
Based on Besser et al. (1993) bioaccumulation factors (BA Fs) for low concentrations of
selenomethionine, as littleas 6 ng/L (ppt) of dissolved slenomethionine wauld be sufficient to
cause foodchai n bioaccumulation of selenium to concentrations exceeding toxi ¢ thresholds for
dietary expoaure of fish and wildlife. Thus, at a chronic aguatic life standard of 5 pg/L (ppb) as
total selenium, if more than 0.1 percent of the total dissolved seleni um were in the form of
selenomethionine, foodchai n accumulation of selenium to levels sufficient to cause dietary
toxidty in engtive eciesof fishand birds would occur. For higHy contaminated waer (100-
300 pg/L selenium) in the San Joagquin Valley about 4.5 percent of all dissolved slenium wasin
the form of organosslenium (Besser et al. 1989). Unfortunately, relative concentrati ons of seleno-
amino-acids have not been determined in the field in California for waterswhere tatal seleniumis
found in the criticd 1-5 pg/L range. Further research isrequired to characterize typical
proportions of ssleno-amino-acids in waters containing 1-5 pg/L (ppb) total selenium

Based on waters containing 1-5 pg/L (ppb) total selenium, composite bioaccumulati on factors
(defined as: the total bioaccumulation of selenium from exposure to a composite mi xture of
different sl eni um species measured only astotal selenium) for aquatic foodchain items(algae,
zooplankton, macroi nvertebrates) are typica ly between 1,000 and 10,000 (on dry weight bas's,
Lillebo et al. 1988; Lemly 1996a). T herefore, based on risk from bioaccumulati ve dietary
toxicity, ageneric aquati c life chronic criterion in the range of 0.2to 2 pug/L (ppb) would be
judified (where generic is defined as the alsence of ste-gecific and eciesspecific
toxicological data). Infact, based on an anal ysis of bioaccumulative dietary risk and a literature
database, Lill ebo et al. (1988) concluded that a chronic criterion of 0.9 pg/L (ppb) for total
seleniumis required to protect fish from adverse toxi c effects. Furthermore, Peterson and
Nebeker (1992) applied a bi oaccumul ati ve risk analysis to semi-aguatic wil dli fe taxa and
concluded that a chronic standard of 1 pug/L (ppb) for total seleniumwaswarranted. Most
recently, Skorupa (1998) has compiled asummary of fiel d data that i ncludes multi ple examples of
fish and wildlife toxicity in nature at waterborne selenium concentrations below 5 pg/L (ppb),
supporting the criteri a recommendati ons of Lill ebo et al. (1988) and Peterson and Nebeker
(1992). Furthermore, a recently concluded regiona survey of irri gati on related selenium
mobilizati on in the western United States, conducted jointly by severa agencies of the U.S.
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Department of the Interior over aten-year period, found that at 5 pg/L total Sein surface waters
abou 60% of asciated sts of avian eggs exceeded the toxic threshold for slenium, i.e, that 5
Hg/L Sewas only about 40% protective against excessive bi oaccumul ati on of seleni um into the
eggsof waterbirds (Seiler and Skorypa, InPress).

Interaction Effects Enhancing Selenium Toxidty

Toxic thresholdsfor fish and wildlife dietary exposure to selenium have beenidentified primerily
by meansof contrdled feeding experimentswith captive animals (e.g., see reviewsby NRC 1980,
1984, 1989; Heinz 1996; Lemly 1996a; Skorupa et al. 1996; USDI-BOR/FWS/GS/BIA 1998).
Such experimentsare carefully desgned toisolate the toxic effects of selenum asa solitary
stressor. Consequently, thetoxic thresholds i dentified by such studies are prone to overestimating
the level s of selenium exposure that can be tolerated, without adverse effects, in an environment
withmultiple stressors asistypicd of thered ecosysems(Cech et al. 1998). There are a least
three well-k nown multiple-stressor scenarios for selenium that dictate avery conservative
approach to setting water quality criteriafar aqudic life:

1. Winter Stress Syndrome - More than 60 yearsago it wasfird discovered in experimentswith
poutry housed in oudoor pensthat dietary toxicity thresholdswere lower for experimentsdonein
the winter than at other timesof theyear (Tully and Franke 1935). Mare recertly thiswas
confirmed for mad lard duck s (Anas platyrhynchos) by Heinz and Fitzgerald (1993). Lemly
(1993h), studying fish, conducted the first experi mental research taking into account the
interactive effects of winter stress syndrome and confirmed that such effects are highly relevant
even for waters containing <5 pg/L (ppb) sdenium. Consequently, Lemly (1996b) presentsa
general case for winter stress syndrome as a critical component of hazard assessments. It can be
further generalized that any metabolic gressor (cdd weather, migration, smoltification, pathogen
challenge, etc.) would interact milarly to lower the toxic thresholdsfor dietary exposure to
sedlenium. Based on acomparison of results from Heinz and Fitzgera d (1993) and Al bers et al.
(1996), the di etary toxicity threshold i n the presence of winter stress was only 0.5-timesthe
threshold level for ®leniumas a Dlitary dresor. Thus, it appears that criteria based on gngle-
stressor data should be reduced by at least afactor of two. The proposed chronic criterion for
selenium of 5 pg/L (ppb) isbased, in part, on field data from Belews Lake (EPA 1987a),
presumably including multiple stressorsas typically encountered in nature. However, as recently
noted in a presentation by Dr. Dennis Lemly to the EPA Peer Consultation Committee on
selenium (EPA 1998:3-5), EPA’s5 pg/L (ppb) criterion was based on the erroneous presumption
that the Hwy. 158-Arm o Belews Lakewas" unaffected.” Dr. Lemly arguesthat infact multiple
linesof evidenceindicate adverse effects of selenium onfish inthe Hwy. 158-Arm of Bd ews
Lake at concentrati ons of 0.2-4 pg/L (ppb). Dr. Lemly concludesthat the true (multipl e stressor)
“. .. threshold for detrimental impacts [at BdewsLake] iswell below 5 pg/L.”

2. Immune Sysem Dysfunction - Also more than 60 years ago, it was first noted that chickens
expased to elevated levelsof dietary selenium were differentially susceptible to pathogen
chal lenges (Tully and Franke 1935). More recently thi s was confirmed for mallard ducks by
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Whiteley and Yuill (1989). Numerous other studies have confirmed the physiol ogical and
histgpathd ogical basisfor sleniuminduced immune systemdysfunctions inwildlife (Fairbrother
and Fowles 1990; Schamber et al. 1995; Alberset al. 1996). Based on Whiteley and Y ull’s
(1989) results in ovo exposure of md lard ducklingsto aslittleas 3.9 pg/g (ppm dry wel ght basi 9)
seleni um was sufficient to significantly i ncrease mortal ity when duckl ings were challenged with a
pathagen. The lowed confirmed in ovo toxidty threshold for sdenium asa sditary dressor is10
Hg/g (pom dry weight bads; Heinz 1996, reported as 3 pg/gwet weight bass and about 70%
maisture). In thiscase the multiple stressor toxicity threshold isonly 0.39-times the threshold
level for slenium asa sditary dressor. Based, in part, on the olitary stressor toxic threshold
reported by Heinz (1996) for mall ard eggs, Adams et a. (1998) concluded that 6.77 pg/L Se
woud be 90% protective against excessive bioaccumuation of selenium into avian eggs.
Therefore based on apathagen challenge multiple-stressor scenario a protective water quality
criterion would be (1 0.39) X ( 6.77 pg/L) =2.6ug/L (ppb). Again, the multiple-stressor threshold
would appear to be well bel ow the proposed chronic criterion of 5 pg/L (ppb).

3. Chemical Synergism - Multiple gresorscan al consig of other contaminarts. Far example,
Heinz and Hoffman (1998) recentl y reported very strong synergistic effects between di etary
organo-selenium and organo-mercury with regard to reproductive impairment of mallard ducks.
The experiment of Heinz and Hoffman (1998) di d not i nclude selenium treatments near or below
the threshold f or diet-medi ated reproducti ve toxi city and therefore no rati o of single-stressor
versus multipl e-stressor threshold level sisavail able. A field study involving 12 | akes in Sweden,
however, found that in the presence of threshol d levels of mercury contaminati on, the wat erborne
threshold for selenium taxicity was about 2.6 pg/L (ppb; see review in Skorupa 1998; and review
in USDI-BOR/FWSGSBIA 1998). The Swedish lakes resut isin agreement with multiple-
stressor derived criteria uggested above for winter gress and for pathogen challenge asmultiple
stressors. Based on the Swedish lakesstudy, which encompassed 98 different lakes, Lindgvist et
a. (1991) concluded, “ It isimportant not to dose so that Se concentrationsin water rise above
about 1to 2 ug SelL.” Likewise, Meili (1996) concluded that, “ The reaults [of the Swedish Lakes
sudieg| suggest that a sdl enium concentration of only 3 ug/L can serioudy damagefish
popuations.”

At lead one field study of birdsalso providescircumdantial evidence of lowered toxicity
thresholds for selenium-induced reproductive impairment in the presence of mercury
contamination (Henny and Herron 1989).

Environmental Partitioning and Waterborne Toxicity Thresholds

Risk management viawater concentration-based water quality criteriaisan inherently flawed
processfor slenium (Peaseet al. 1992; Taylor et al. 1992, 1993; Canton 1997). The processis
flawed because the potentia for toxic hazardsto fish and wildlife i s determined by the rate of
mass |oading of sleniuminto anaquatic ecosygem and the corresponding environmental

partiti oning of massloads between the water column, sediments, and biota (food chain). However,
awater column concentration of sd eni um can be an imperfect and uncertain measure of mass
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loading and foodchain bioaccumulation. For example, alow concentration of waterborne

sel eni um can occur because mass | oading i nto the sysemislow ( = low potential for hazard to fish
and wil dlife) or because there has been rapid bioti c uptake and/or sedi ment deposition from
elevated mass loading (= high potentia for hazard to fish and wildlife). Toxicity to fish and
wildlifeis utimately determined by how much slenium ispartitioned into the food chain.
Therefore, water quality criteria are useful guides for rikk management only to the extent that they
protect aguatic food chains from excessive bioaccumulation of selenium. Asevidenced by the
literature cited above, a water quality chronic criterion of 2 pg/L will protect aquatic food chains
from excessve bioaccumu ation under most permutations of environmental and anthropogenic
factors(i.e., the probability of adverse effectsis sufficiently | ow). However, severa examples of
potentia ly hazardous foodchai n bioaccumulation of selenium at wat erborne sl enium
concertrations<2 pg/l are knowvnfromCaliforna (Maier and Knight 1991; Pease et al. 1992;
Luomaand Linville 1997; San Francisco Estuary Institute [SFEI] 1997a; Setmire et al. 1990,
1993; Bennett 1997) and elsewhere (Birkner 1978; Lemly 1997; Hamilton 1998). To
subgantively decrease the regulatory uncertainty of water quality criteriafor selenium, ultimately
a criterion-setting protocol will have to be formulated that link s risk management and regulatory
goals directly to aguatic food chain contamination (for example, see Taylor et al. 1992, 1993).

Sdlenium Summary

A variety of conceptual bases for deriving ageneraly appli cabl e chroni c water quality criterion
for selenium that i s protective of fi sh and wildlife have been presented above with the following
resul ts

Hormetic Maginof Safety Basis 1-4 pg/ll (ppb), with 2 pg/'L (ppb) being maost congstert with
central tendency data.

Waterborne Expoaure Only Basis(= Traditional Bioassay Testing): 3-4 pg/L (ppb) for sleniumin
the form of sa eno-amino-acids (e.g., selenomethionine); current EPA chronic criterion of 5 pg/L
(ppb) adequate for selenium as inorganic ions (e.g., sel enite and selenate).

Bioaccumul ative Dietary Exposure Basis(with Seleniumas litary stresor):
0.2-2.0 pg/L (pph), with 0.9-1.0 pg/ll (ppb) supported by the two maost detailed reviewsto date.

Winter Stress Syndrome Multipl e Stressor Basis: “. .. well below .. .” 5 pg/L (ppb).
Pathogen Chal lenge Multiple Stressor Basis: 2.6 pug/L (ppb).

Mercury Synergism Multiple Stressor Basis: 2-3 pg/L (ppb).

Overwhelmingy, the available bady of sientific evidence (the majority of which hasbeen

produced subsequently to EPA’ s 1987 criterion derivation for sl enium) consstently supportsa
chronic criterion of 2 pug/L (ppb) for the protecti on of sensitive taxa of fish and wildlife. Evena
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criterion of 2 pg/L, however, can fall to be protective in specific cases where water col umn
contami nation with selenium failsto accurately refl ect food chain contamination. There isa
strong need for developing a method to link criteria directly to food chain contamination. Inthe
absence of site-gecific and species-Pecific dataregarding the ensitivity of particular gecies
and/or popul ati ons, a genera criterion of at least 2 pg/L isrequired to assure adequate protection
of threatened and endangered spedes of fishand wildlife. Thisis egpecially warranted
considering the steep response curves for selenium (Hoffman et al. 1996; Lemly 1998; Skorupa
1998) and the well-demonstrated potertial for sleniumfacilitated pathogen susceptibility that
can rapi dly extirpate entire populati ons of fish and wildlife vi a epizooti c events.

Summary of Effects of Selenium to Listed Species

Birds

The Servicesconclude that selenium poisoning of hirds foraging in aquatic systems may occur at
or below concentrations permi ssible under the aquatic | ife criteriaproposed in the CTR. The

eff ect s of sd enium poi soning on avian speciesinclude gross embryo deformities, winter Stress
syndrome, depressed resstanceto disease due to depressed immune systemfundion, reduced
juvenile growth and survival rates, mass wasting, loss of feathers (al opeci @), embryo death, and
dtered hepatic enzyme function. In addition the interactive effects between mercury and
selenium produce super-toxic effectsgreater than effects of each compound individually that may
include embryo deformities, embryo deet h, reduced juvenil e survival, behaviora abnormalities,
depressed immunre response, mass wasting, and martality. It isthe aggregation of these effectsthat
the Service believesare likely to adversdy affect the bald eagle, California dapper rail,
Cdlifornia brown pdlican, Californi aleast tern, li ght-footed cl apper rail, marbled murrelet, and the
Yuma clapper rail, based on the potential for these speciesto be impacted by elevated levels of
selenium through their dietary halits, dependence on the aguatic ecosystem, and their limited
distribution.

A species which the Service bdieves will not be adversdy affected isthe snowy plover. The
coadal populations of the snrowy plover have a dgnificant terredrial component to their diet which
likely provi des di etary dil ution of aquati c system selenium exposures, and have been shown on a
speciesspecific basisto be very tolerant to seleniumexpoaure.

Aleutian Canada Goose: Asherbivorouswaterirds witha fairly unique ecdogical niche, all
forms of Canada geese can be expected to be extremely sengtive to dietary exposure to selenium.
The bas sfor this sensitivity was presented via energetic modeling by DuB owy (1989) for

Ameri can coots (Fulica americana), anather herbivorous speciesof waterbird. Herbivorous birds
consume such alarge bulk of vegetati on to meet cal oric requirements (compared to birds feedi ng
on high caloric dense animal matter) that their massdosing of seleniumcan be very high even
though the diet contains al ower concentration of selenium than normally considered toxi c for
other gecies.
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A field gudy of Canada geese (Branta canadensis in Wyoming (Seeet al. 1992) reported
widespread reproducti ve fai lure among geese with relatively low exposure to selenium (eggs
averaging 5-10 pg/g Se). If seleni um caused the observed reproductive fail urein Wyoming asthe
authars o the report believed, but which was not well established (Skorupa 1998), and if aslittle
as 5 ug/g Se in eggs of geeseis reproducti vely hazardous, then a 5 pg/L water qual ity criterion for
selenium would fail to protect geese (most avian species exhi bit water to egg bioaccumulation
factors of at least 1,000-fold; Ohlendorf et al. 1993, Skorupaet al. unpubl. data).

The Aleutian Canada goose would be most likely to encounter selenium-contaminated vegetation
in wetlands. In contrast to breeding geese, which would be expected tofeed in thewetlands used
for nesti ng, wintering Aleutian Canada geese in Californi afeed primarily in upland crops and
falow fields. Thus, it isexpected that exposure to wetland vegetati on would be rare for the
Aleutian Canada goose while winteringin Califomia and that selenium gandardsfor such

wetl ands are not an important i ssue for the survival and recovery of this subspecies.

Bald Eagle At lead two citations inthe selenium literature provide a basisfor doukting thet a
chronic selenium standard of 5 pg/L (ppb) would be sufficiently protective of bald eagles. Lillebo
et al. (1988) derived levels o selenium to protect various eciesof waterbirds Based on an
analysis of bioaccumulation dynamics and an estimated critical dietary threshold for toxicity of 3
Hg/g, they concluded that piscivorous birds would be at substantiall y greater risk of toxic exposure
than md lards (Anas platyrhynchos). The calculaed water criterionto protect piscivorousbirds
was 1.4 pg/L (ppb) as opposed to 6.5 pg/L (ppb) for mallards. The proposed CTR criterion of 5
Hg/L (ppb) is more than 3-times the cal culated criterion for pi scivorous birds. It should also be
noted that the 6.5 pg/L (ppb) ca culated criterion for mallards exceeds the actua threshold poi nt
for duck sin the wil d which i s somewhere below 4 pug/L (ppb) (Skorupa1998). Thus, the1.4 pg/L
(ppb) calculated criterionfor piscivorousbirdsmay be biased high compared to the wild as well.

Applying an energetics nodeling approach, modified from the Wisconsin Department of Natural
Resources Peterson and Nebeker (1992) cal culated a chranic criterion specifically for Bald
eagles. Peterson and Nebeker’'s estimate of a protective criterionis 1.9 pg/L (ppb). Again, the
estimate is bdow the CTR propased criterion of 5 pug/L (ppb). However, Peterson and Nebeker
cal culated amall ard criterion (2.1 pg/L; ppb) that was much closer to their Bal d eagle criterion
than Lillebo et al .’ s results would suggest. Peterson and Nebeker’ s mallard criteri on is consistent
with real-world data (cf. Skorupa1998) and therefore their bald eagl e criteri on may also be
reliable.

Consequently, bes availal e evidence suggeds that widespread expanson o aquetic hahitats
containing > 1.9 pg/L (ppb) selenium, as coul d occur with acriterion of 5 pg/L (ppb), coul d put
substantia numbers of California sbad eaglesat risk of toxic effects of sd enium.

CaliforniaBrown Pelican: As alarge-bodied pi<civoroushird, much of the discusson provided
above for the bald eagle regarding the inadequacy of the CTR-proposed seleniumcriteria may
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also goply to the Californiabrown pelican. Consequertly, urtil speciesspecific data are cdlected
or species-specific mode ing is conducted for the California brown pelican, a selenium criterion on
the order of 1.4 pg/L (ppb) (generi c pisci vorous bird model; Lillebo et al. 1988) to 1.9 pug/L (ppb)
(bald eagle model ; Peterson and Nebeker 1992) must be viewed as the applicable guidance for
protection of California brown pel icans from selenium poi soning. The CTR-proposed criterion of

5 pg/L (ppb) mug therefore be viewed as unprotective of Cdifomia brown pelicansforagingin
the Salton Sea and enclosed baysand estuaries inthe State of Califomia.

In the 1990's there have been at lead 4 major avian epizootic events & California’ s Salton Sea,
includi ng sugpected algal toxin poisoning of more than 175,000 eared grebes (in two episodes),
botuli sm poisoning of about 15,000 pi scivorous birds (including more than 1,400 Brown Pelicans)
and aNewecad € s di sease outbreak in acormorant col ony (Bennett 1994; USGS 1996; USDI-
FWS 1997¢). Normal selenium nutritionis a well-documented requirement for the proper

functi oning of avian and fish immune systems (e.g., Larsen et al. 1997; Wang and Lovell 1997).
Deficient and toxic level s of selenium equally cause i mmune system dysfuncti ons (e.g., Larsen et
al. 1997) and for 60 yearsit has repeatedly been demondrated clinica ly that birdsand fish
suffering from selenium-induced immune dysfunctions are hypersersitive to pathogen challenges
(e.g., Tully and Franke 1935; Whiteley and Yuill 1989; Larsen et al. 1997; Wang et al. 1997).

In addi tion to weakening the immune def enses of |i sted species such as the brown peli can,
excessive environmenta sel enium can aso tri gger pathogen and toxin chall enges that would not
otherwise have accurred. For example ared tide flagdlate (Chattonella verrucul osa) which has
caused the mortality of fish such as yellowtail, amberjack, red and black sea bream, has recently
been discovered to require above-narmd expasure to Elenium (Imai et al. 1996). Only when
seleni um extracted from contami nated sedi ments is added to growth mediacan C. verruculosa
sustainrapid growth (i.e, toxic blooms). The level of contamnation required to sustainrapid
growth isonly about 2-times normal background. Cleerly, the potentid eff ects of sd enium-
mediated algal toxinsmust be considered when eval uating patential hazardsassociated with
selenumcriteria The two epidesinvdving massive eared-grebe die-offsillugrate how quickly
algal toxinscan remove 10 percent or more of the ertire continental popuation of a gecies.
Selenium-medi ated a ga toxins should probably be vi ewed as a serious potential threat to any
endangered species that could have major portions of its extart populationexposed. The CTR-
proposed cri terion of 5 pg/L, which is more than 10-times the normal background concentrati on of
waterborne selenium (e.g., Ma er and Knight 1994), would a most always be asociated with more
than 2-times norma sediment selenium and therefore coul d faci litate toxi c d gd blooms.

The case of botulism that kil led more than 1,400 brown pelicansat Californid s Sdton Seawas a
very unusual case of botulism that was mediated by a bacterial epizootic among fish (USDI-FWS
1997c). Thisbacterially-mediated pathway for an avian batulism epizoatic had never been
encourtered before. Fish inthe Salton Sea contain subgantially elevated tissue selenium (e.g,
Saiki 1990) which very plausibly leavesthem inmune impared and hypersensitive to the Vibrio
bacterial attacksthat fecilitated the botuism outbreak.
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CaliforniaClapper Rail: The extant range of the Cd ifornia clapper rail isrestricted to marshes of
the San Franci sco Bay Estuary, an aquatic system already receivi ng substantia sel enium input
fromagricutural and indudrial sources(Peaseet al. 1992). Californi acl gpper rail sfeed almost
excl usively on benthic invertebrates, awel I-documented pathway for bi caccumul ati on of selenium
(seereview by Pea et al. 1992). Total inflows of water to the San Francisco Bay Estuary
average lessthan 5 pug/L (ppb) selenium (e.g., inflows diverted to the Centra Valley Project and
State Water Prgect canalsusually average about 1 pug/L (ppb) slenium). The Regonal
Monitoring Program for 1997 (SFEI, 1999) reported tota sel enium concentrations ranged from
0.03 ng/L (ppb) to 2.20 pg/ll (ppb) with highest concertrationsfound in the south bay. Laonzarich
et al. (1992) reported that eggsof Califomia clapper rails cdlected fromthe narth bay in 1987
contained up to 7.4 pug/g sd enium. Water data from thistime and | ocation are not available. The
in ovo threshold far selenium expoaure that causes toxic effectson embryos of California clapper
railsisunknown. For ancther benthicforagng marshbird, the dack-necked dilt, thein ovo
threshold for embryotoxi city is 6 pg/g sel enium (Skorupa 1998). More recent investi gati ons of
fail to hatch California clapper rail eggsin the south bay in 1992 and the north bay in 1998 have
not dupl icated the hi gher selenium results of Lonzari ch et al. and maxi mum egg selenium
concentrationshave not exceeded 3.2 pg/g (dw)(FWS unpublished data).

It has recently been demonstrated for mal lard duck s that i nteracti ve effects of sel enium and
mercury can be super-toxic with regard to embryatoxic effects(Heinz and Hoffrman 1998).
Lonzarich et al. (1992) also reported potenti aly embryotoxic concentrati ons of mercury in eggs of
California clapper rails. Abnormally high numbers of nonviable eggs, 13.7-22.9 percent, have
also been reported for the California clapper rail (Schwarzbach 1994). Since the main avenue of
impacts from selenium and mercury a one, and interactively, would be manifested as reproductive
impairment (especially inviable eggs), it strongy appearsthat popuations of the Cdifomia
clapper rail could not tolerate the i ncreased seleni um loading to the San Franci sco Bay Estuary
that would be allowabl e under a CTR-proposed criterion of 5 pg/L (ppb). Based, in part, on the
datafor Californiaclapper rails, gaff technical reportsprepared for the San Franciso Bay

Regi onal Water Quality Control Board recommend decreasing current sel enium loading to the
estuary by 50 percent or more (Taylor et al. 1992, 1993). By comparison, the CTR-propased
selenium criteriawould possbly accommodate increasesin selenium loading to the bay or locally
elevated =lenium in effluent dominated tributaries |f selenium concentrationsor slenium loads
were increased in San Francisco Bay, clapper rail egg slenium would be expected to increase.
Therail isparticuarly vudneralde to any locally elevated effluert concentrationsof sleniumas
the rail generally occupies amall hame ranges of only afew acres

Californial eag Tern: Asa piscivorousbird, much of the discussion provided above for the bad
eagl e regarding the inadequacy of the CTR-proposed selenium criteria may aso apply to the
Californialeast tem. Consequently, until oecies specific data are collected or species-specific
modeling is conducted for the Californial east tern, a selenium criterion on the order of 1.4 pg/L
(ppb) (generi ¢ piscivorous bird model; Lillebo et al. 1988) to 1.9 ug/L (ppb) (Bald eagle model;
Peterson and Nebeker 1992) must be vi ewed as the appl icable gui dance for protecti on of
Californialeast ternsfrom seenium poisoning. The CTR-proposed criterion of 5 pg/L (ppb) must
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theref ore be vi ewed as unprotective of Californialeast terns.

Selenium analyses of least tern eggs collected from San Francisco Bay and San Diego Bay are
reported by Hothem and Zador (1995). In San Francisco Bay the eggs contained up to 3.1 pg/g
sdlenium and in San Diego Bay the eggs contained up to 2.9 pg/g sd enium. Neither of those
maximum valuesexceed currently recognized thresholdsfor avian embryaoxicity (for selenium as
asolitary stressor). However, both sets of eggsalso exhibited elevated concentrations of mercury
which rai ses the possibil ity of super-toxic interaction effects as demonstrated for mal lards by
Heinz and Hoffman (1998). Waterborne concertrationsof sleniumin the Sen Francisco Bay
Estuary are currently well below 5 pg/L (ppb) (e.g., <1 pg/lL (ppb); Pease et al. 1992).

Eggs of the Interior least tern (Sterna antillarumathal assos) collected from the Missouri River
systemin thecentral United Statesh